Abstract: This paper presented the method of determining the radioactivity of 40 K, 226 Ra and 232 Th in soil samples by gamma-ray spectrometerusing NaI (Tl) scintillation detector. The radioactivity of each isotope is calculated based on the net count rate in the energy window characteristics for the 40 
Introduction
 Measurement of natural environmental radiation is very important and of particular concern to human health. The major sources radiological exposure are natural radionuclides namely 238 U and 232 Th series and 40 K, which occur in the earth' scrust since its origin. Natural radioactivity in environmental is the main source radiation exposure to the human body. The 13 contribute about 98% of the external γ dose induced by whole 238 U series. Radiological hazard parameters are calculated based on the specific radioactivity of 40 K, 226 Ra and 232 Th in the soil samples [1] [2] [3] . The low resolution energy of the NaI(Tl) detector with full width at half maximum (FWHM) is 70 keV at the 1332 keV, there are many overlapping full energy peaks of natural radiation isotopes. Moreover, the radioactivity of environmental sampleswasvery small, so the appearance of full energy peaks were not clear. For the NaI detector, radioactivity is based on detection gamma radiation of 1460.8 keV for 40 K, from 214 Bi (1764 keV) for 226 Ra series and from 208 Tl (2614 keV) for series [4, 5] . The activity of each isotope is determined based on the net count rate (cps) measured in energy region of interest (ROI) for each isotope. The net count rate measured in the i -th ROIcan be expessed as follows [4] :
where n i is the cps measured in the i -th ROI, A k is the activity concentrion of nuclide k (k = 1,2,3 for 40 K, 226 Ra, 232 Th ), matrix a ik is an instrumentresponsedefined as net count rate in i th ROI for unit activity of the isotope k.
Matrix of instrument response equation reference goes here ik a is calculated by the method of MCNP simulations [4] . In this work, matrix of instrument response ik a were determined. Activity concentration of 40 K, 226 Ra, 232 Th in a soil sample calculated by matrix method. The obtained results have been compared with the laboratories measurements by using a HPGe detector. Khamkeut is a district of Bolikhamxay province and located in the south of the province on latitude 18° 21' 8" N and longitude 104° 55' 17" E. Khamkeut district is very full with natural forest, wildlife and rich of natural resource.The mountainous areas of Khamkeut district, generally stay much cooler with average temperatures of 11 degrees C during winter. The study area is around gold mine in Khamkeut district, close to the agricultural field and about 3 km from the city. The position of the investigation areas is listed in Table 1 . The studied area is important from environmental, economical and natural preservation point of view.
Methods and materials

Geological outline
Preparation and processing of soil samples
Soil samples were collected from 15 different locationsof the gold mining area in Khamkeut district, that are close to the populated areas and agriculture field. At every sampling site, the soil samples were collected from the surface layers (5-30 cm depth) using a spade. Organic materials, piece of stones in the samples were removed. At the laboratory, the samples were dried in an oven at about 110 °C for 6 hours. After drying, the samples were crushed and served with a mesh having holes each of diameter of 0.2 mm.
Afterward, the homogenized samples were weighed and each sample was packed in a cylindrical plastic container of height 3 cm and 7.6 cm diameter. These were then stored for at least one month to ensure secular equilibrium between the parent radionuclides 232 Th, 226 Ra and their respective daughters.
Measurement the gamma-ray of sample using NaI (Tl) scintillation detector
In this work, we used the gamma -ray spectroscopy with a 2 2 inch NaI (Tl) crystal and photomultiplier tube (ORTEC model 276),890 V of the high voltage supply, 2.5 of amplification factor and multi -channel analyser with 4096 channels. The energy resolution (FWHM) and the absolute efficiency of detector were equal to 50 keV and 14% at the 662 keV of Th according to the matrix method, the energy region of interest (ROI) for each isotope were selected (Fig.1) .
To determine the a ik matrix in this work used standard samples RGK1, RGU1 and RGTh1 provided by the IAEA. The standard samples and the measurement samples weighted 180 grams, and were contained in a 7.6 cm diameter and 3 cm height plastic cylindrical box.The activitiesof the standard samplesare 2520 ± 72,889.2 ± 5.4 and 585 ±16. 
Radium Equivalent Activity
Radium equivalent activity is a widely used hazard index. It is calculated as follows [1] Th.
Air-Asorbed dose rate
The absorbed dose rates in outdoor air (D) at about 1 m above the ground surface were calculated. The conversion factors used to compute absorbed gamma-ray dose rate in the air corresponds to 0. 
The External Hazard Index (H ex )
The external hazard index H ex is an assessment of the hazard of the natural gamma radiation. The main objective of hazard index to keep the value less than unity.H ex is defined by the following equation [2] :
Results and discussion
Equation to calculate radioactivity concentration
Based on k-th standard samples, the element a ik of matrix of instrument respone ik a is determined according to the following equation:
From three standard samples(defined in 
Repetition and reliability of the NaI gamma ray spectrometer
To test repetition and reliabilityof the gamma ray spectrometer with NaI(Tl) detector and the accuracy of equations (7a, 7b, 7c)  are radioactivity and estimator for population standard deviation in this work.
A 2k , 2k  are the radioactivity and the estimator for the population standard deviation from theINST. t k are parameters to compare with two average value obtain from differentlabolatories. 
Th in the soil samples collected around gold mines of Khamkurt district
The activity concentration of radionulides obtained from gamma-ray spectroscopy using NaI(Tl) scintillation detector for 15 soil samples collected from aroundthe gold mine in Khamkeut districtis presented in Table 3 , with the uncertainty level of ± 2 . The result of the activity concentration 40 K, 226 Ra and 232 Th are shown in graphically in Fig. 3, Fig. 4 and Fig. 5 
Radiological hazard assessment
The result obtained of radium equivalent activity (Ra eq ), the absorbed dose rate(D), outdoor annual effective dose rate (E) and external hazard index(H ex ) are shown in the table 3.We can be observed from The maximum gamma dose rates were measured,the obtained result are higher than the world average of 59 nGyh -1 [1] .
The outdoor annual effective dose rates are in the range of 0.08 to 0.13 mSvyr -1 with an average of 0.10 mSvyr -1 . The average values of (E) lower than the world average value of 0.460 mSvyr -1 [1] . The estimated average values of external hazard index of H ex (0.52±0.02) in the study area were lower than unity as desirable.The values of hazard index confirm to population safety in the living and activity agriculture area.
Conclusion
In this study, gamma ray spectrometer with NaI(Tl) detector has been used to determine radioactivity concentration of 40 K, 226 Ra, 232 Th in the soil samples collected in the gold mining areain Khamkeut district closely than with each other soil samples Bolikhamxay province, Laos [6] . The values of mean absorbed dose rate, annual effective dose and the radium equivalent activity were higher than the average values of Bolikhamxay Province, Laos and in the world.
Whereas, the radium equivalent activity values are below 370 Bq/kg the permissible limit and the external hazard index is less than unity. Therefore, the study areasare the zones of normal radiation level.
The main sources of the uncertainties for the present results were estimated due to statistical errors: (2 6% )  , errors of activities of standard samples (0.8  2.8%). 
